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Ir is well known that the chief difficulties in the methylation of hydroxy 
flavonols are (1) their ready oxidisability in alkaline solutions, (2) the resist- 
ance offered to methylation by the hydroxyl group in position 5 and (3) the 
possibility of nuclear methylation. The process has been carried out in the 
past by treatment with (a) diazomethane, (b) methyl iodide and alkali and 
(c) dimethyl sulphate and alkali, and it has been noticed that irrespective 
of the nature of the methylating agent used, the methylation of the hydroxyl 
group in position 5 could not be easily effected, and where complete 
methylation took place, the yield was poor. Recently it has been shown by 
Rao and Seshadri! that it is possible to produce complete methylation of these 
compounds with satisfactory yields by treatment of their acetyl derivatives 
in acetone solution with dimethyl sulphate and alkali. 

The use of methyl iodide and potassium carbonate as an alternative 
method seemed to offer good scope for effecting complete methylation of 
the important naturally occurring fiavonols. It has been found to be quite 
useful in several cases where other methods failed to serve. The complete 
methylation of benzoyl phloroglucinaldehyde,? hesperidin® and naringin* may 
be quoted as important examples. Its scope has, therefore, been examined 
now employing quercetin, herbacetin and gossypetin. 

Quercetin undergoes complete methylation whilst herbacetin and gos- 
sypetin yield partially methylated compounds which are, however, definite 
individuals. The tetramethyl herbacetin that is obtained as the sole product 
is identical with 3: 7:8: 4’-tetramethyl ether prepared by Rangaswami, Rao 
and Seshadri by the action of diazomethane on the flavonol.5 The penta- 
methyl gossypetin produced now is found to be identical with the sample 
obtained by the treatment of gossypetin with diazomethane. Since the 
hydroxyl group in position 5 is the one which is generally found to be most 
refractory, the product is here represented as 3:7: 8: 3’: 4’-pentamethyl 
gossypetin and this is also in accordance with the properties of the compound. 
Thus the action of metliyl iodide and potassium carbonate on the naturally 
occurring flavonols seems to be similar to that of diazomethane used in 
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large excess, as exemplified in the cases of herbacetin,® gossypetin and querce- 
tin,®.” though the last substance is said to yield the partially methylated 
product also under certain conditions.*,® 


Experimental 


3: 5:7: 3': 4’-Pentamethyl quercetin —Quercetin (0-5 g.) was dissolved 
in dry acetone (50 c.c.) and anhydrous potassium carbonate (2 g.) and methyl 
iodide (about 5 g.) were added to the solution. The mixture was then 
refluxed on a water-bath for about 60 hours, adding a small quantity of 
methyl iodide every day to make up for the loss of the reagent through 
evaporation. At the end of the period, the solvent and the excess of the 
methyl iodide were distilled off and water was added to the residue to dis- 
solve the potassium salts, when the methyl ether separated out. It was filtered, 
washed with a little water and recrystallised from dilute alcohol. It came 
down as pale yellow needles melting at 150—51° and the yield was 0-45 g. 
[Found in the sample dried at 120°: OCHs, 41-2; C,;H;O, (OCH); requires 
OCHs, 41-6%.| It was insoluble in dilute alkalis, gave no colour with ferric 
chloride and was otherwise identical with the pentamethyl quercetin 
obtained by other methods. 


3: 7:8:4'-Tetramethyl herbacetin—The same procedure as above was 
followed for the methylation of herbacetin also. The final product on crystal- 
lisation from alcohol was obtained as pale yellow rectangular plates, and 
the yield was 0-4 g. from 0-5 g. of herbacetin. The methyl ether shrank and 
sintered at 115~—20° (dehydration) and melted completely at 158-60°. [Found 
in the sample dried at 120°: OCH;, 34-6; C,;H;O, (OH) (OCH), requires 
OCHs, 34-8%.] In all its properties it resembled 3: 7: 8: 4’-tetramethyl herba- 
cetin. It dissolved in concentrated hydrochloric acid and sodium hydroxide 
to form yellow solutions, and its alcoholic solution gave a beautiful green 
colour with ferric chloride. The identity of the two samples was established 
by taking the mixed melting point of the anhydrous materials. 


3: 7:8: 3': 4’-Pentamethyl gossypetin—The methylation of gossypetin was 
carried out as in the two previous cases, and a pentamethyl gossypetin 
crystallising with five molecules of water was obtained. [Found in the air- 
dried material: C, 50-0; H, 4-4; OCHs, 32-1; and loss on drying 18-8%; 
C,;H,O, (OH) (OCH;),;, 5 HO requires C, 50-2; H, 4-2; OCH, 32-1 and 
loss of H,O on drying 18-8%. Found in the specimen dried at 120° for 
two hours: OCHs, 39-9; C,;H,O, (OH) (OCHS); requires OCH;, 39-9%.]. 
It crystallised from dilute alcohol as pale yellow needles, and the yield was 
0-4 g. from 0-5 g. of the flavonol. It shrank and sintered from 110 to 115° 
(dehydration) and melted completely at 166-68°. If the heating was rapid, 
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the melting took place at 143-45°. The substance easily lost all the water of 
crystallisation when heated at 120° for about two hours, and the anhydrous 
material melted at 166-68°. It dissolved in concentrated hydrochloric acid 
and sodium hydroxide forming yellow solutions and in alcoholic solution it 
gave a light green coloration with ferric chloride. In all these properties it 


agreed with the pentamethyl gossypetin prepared by the action of diazo- 
methane on the flavonol.® 


Gossypetin (0-5 g.) was dissolved in excess of anhydrous methyl alcohol 
(150 c.c.) and treated at room temperature with an ethereal solution of 
diazomethane (4 g.) in small quantities according to the procedure adopted 
for the methylation of herbacetin.® After the reaction was over, the alcohol 
and ether were distilled off, when a pale yellow sticky solid was left. It was 
purified by crystallisation from aqueous alcohol twice (using a little animal 
charcoal) and finally from acetic acid. It was obtained as fine needles, 
melting at 166-68° after dehydration. The two samples of pentamethyl 
gossypetin as obtained from the flavonol by the action of methyl iodide and 
potassium carbonate on the one hand and diazomethane on the other were 
found to be identical and the mixed melting point of the anhydrous materials 
was undepressed. 


Summary 


By the action of methyl iodide and potassium carbonate, quercetin 
underwent complete methylation, while herbacetin and gossypetin yielded 
3:7:8:4'-tetramethyl ether and 3:7: 8:3’: 4’-pentamethyl ether respect- 
ively. This reagent, therefore, resembles diazomethane in the methylation 
of the naturally occurring flavonols. 
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SIMPLE 5-hydroxy-pyrones do not occur in nature and their preparation is 
beset with difficulties. It was only during recent years that 5-hydroxy- 
flavone (Sugasawa') and 5-hydroxy-coumarin (Shah and Shah?) have been 
obtained. For the syntheses of the simpler 5-hydroxy-coumarin derivatives 
orcinol seems to be capable of serving as the starting material to some 
extent. Pechmann* condensed orcinol with malic acid in the presence of 
concentrated sulphuric acid and reported the formation of 7-hydroxy-5- 
methyl-coumarin. Using orcinol and acetoacetic ester he claimed to have 
obtained 7-hydroxy-4: 5-dimethyl-coumarin. But this has been conclusively 
proved by Dey* to be 5-hydroxy-4: 7-dimethyl-coumarin. Following this 
analogy even the first compound has been assumed to be 5-hydroxy-7-methyl- 
coumarin (Sen and Chakravarti®). But in the course of the work recorded 
in this paper a compound answering to the formula 5-hydroxy-7-methyl- 
coumarin has been for the first time prepared by unambiguous methods, and 
it is found that Pechmann’s compound is the 7-hydroxy-isomer. Consequently 
it has to be noted that orcinol is capable of reacting in two different ways, 
(1) in the B-position with malic acid and (2) in the y-position with ethyl aceto- 
acetate. 


A large number of lichen acids and their simple degradation products 
are derivatives of orcinol and these seem to offer greater possibilities for 
preparing 5-hydroxy-coumarins definitely. Atranorin and lecanoric acid 
can be isolated in very good yield from the Indian lichen Parmelia abessinica. 
By easy hydrolysis they give rise to ethyl hematommate and ethyl orsellinate 
respectively. Possibilities of utilising all the four compounds for the synthesis 
of 5-hydroxy-coumarins have been explored and the results are recorded 
in this paper. 

Since the yield of ethyl hematommate (I a) by the hydrolysis of atranorin 
(Curd et al.)® was poor it was synthesised by an improved method starting 
from ethyl orsellinate (If). Pfau’ obtained it synthetically from ethyl 
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orsellinate by the Gattermann reaction in the presence of zinc chloride with 
ether as diluent. But it was contaminated with a larger amount of the 
isomeric iso-hematommate (1 5) which had to be separated by steam distilla- 
tion. The yield by this method also was therefore poor. By a slight modi- 
fication in the procedure and adding anhydrous aluminium chloride as a 
condensing agent according to the method of Shah and Laiwalla® it is now 
found that a good yield (80%) of ethyl hematommate uncontaminated by 
its isomer can be produced. This is obviously due to the fact that the 
presence of aluminium chloride enhances the reactivity of the y-position in 
ethyl orsellinate. 
CHs CHs 
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The presence of an aldehyde group in the y-position of the ‘atranol 
residue of both atranorin and ethyl hematommate suggested the possibility 
of synthesising 5-hydroxy-coumarin derivatives from them. However both 
Perkin’s® and Knoevenagel’s! reactions failed to take place satisfactorily 
with atranorin. The first reaction was not successful even in the case of 
ethyl hematommate. There was considerable resinification probably due to 
the high temperature that has to be employed for the reaction. 


Ethyl hematommate condenses with diethyl malonate when piperidine 
is employed as a condensing agent. The reaction could take place in one of 
two ways yielding either the 8-carbethoxy compound (III a) or the 6-carb- 
ethoxy compound (III 5). Since it did not give any colouration with alcoholic 
ferric chloride thereby indicating the absence of the carbethoxy group in a 
position ortho to the hydroxyl it has been given the constitution (III a), 
The ester could be hydrolysed to the corresponding monocarboxylic acid (IV) 
which underwent -decarboxylation to yield 5-hydroxy-7-methyl-coumarin (V). 
This constitutes the first unequivocal synthesis of 5-hydroxy-7-methyls 
coumarin. It may be mentioned here that this compound and its derivatives 
do not exhibit any fluorescence. This seems to be a characteristic of 
5-hydroxy coumarins easily distinguishing them from the corresponding 
7-hydroxy compounds which exhibit bright fluorescence. Further, the 
5-hydroxy compounds produce deep yellow colour in alkaline solutions 
whereas the 7-hydroxy compounds are devoid of this property. 
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When the condensation between ethyl hematommate and diethyl malo- 
nate is effected by means of concentrated sulphuric acid 5-hydroxy-7-methyl- 
coumarin is obtained directly without any intermediate stages though the final 
yield is not better than by the previous method. 


In regard to the condensation of ethyl orsellinate with ethyl aceto- 
acetate or malic acid in the presence of concentrated sulphuric acid as a 
condensing agent (Pechmann’s method) only 5-hydroxy-coumarin derivatives 
have been obtained indicating thereby that the y-position between the two 
phenolic hydroxyl groups is the reactive one in the molecule of ethyl orsel- 
linate. When this substance was condensed with ethyl acetoacetate in the 
presence of concentrated sulphuric acid in the cold (freezing mixture) the 
product was an ester giving a violet colour with alcoholic ferric chloride and 
it corresponded with the constitution (VI). This is further supported by the 
fact that the corresponding acid (VII) obtained by hydrolysis of the ester 
undergoes decarboxylation to yield the 5-hydroxy-4: 7-dimethyl-coumarin 
(VIII). This condensation could also be effected satisfactorily in dry nitro- 
benzene solution in the presence of anhydrous aluminium chloride, using 
the temperature range 120—30° (Sethna, Shah and Shah"). When the condi- 
tions were however modified using sulphuric acid and the temperature range 
ef 90-5°, 5-hydroxy-4: 7-dimethyl-coumarin was obtained as the only 
product, obviously due to the loss of the carbethoxy group by hydrolysis 
and decarboxylation. In regard to the condensation with ethyl acetoacetate 
therefore ethyl orsellinate behaves very similar to orcinol. 


Ethyl-orsellinate and malic acid undergo condensation in the presence 
of concentrated sulphuric acid to yield 5-hydroxy-7-methyl-coumarin which 
was identical with the product obtained from ethyl hematommate as the 
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starting material. Herein we have an easy method for the preparation of 
this coumarin. The condensation of orcinol with malic acid effected by 
Pechmann seems to produce an isomeric compound capable of fluorescence 
and hence has probably the constitution of a 7-hydroxy-coumarin. It may 
be presumed therefore that in the reaction with ethyl orsellinate the coumarin 
condensation takes place completely prior to the removal of the carbethoxy 
group, as otherwise, if orcinol were produced to any extent and subsequent 
condensation occurred, at least some quantity of 5-methyl-umbelliferone 
would be found in the product and easily detected by its fluorescence. 
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In regard to the preparation of 5-hydroxy-7-methyl-coumarin a very 
useful observation was made that lecanoric acid could be conveniently sub- 
stituted for ethyl orsellinate in the above condensation and the yield is ex- 
tremely: satisfactory. This eliminates the need for the preparation of ethyl 
orsellinate as an intermediate stage. Further, lecanoric acid is a convenient 
starting material since it occurs to the extent of 3-3% in Parmelia abessinica 
and can be easily extracted. 

Experimental 


Atranorin was obtained in 1-1% yield by extracting the lichen Parmelia 
abessinica (Kremp.) with petroleum ether. 

Preparation of Ethyl Hematommate.—The method of hydrolysis of atra- 
norin employed by Curd ez al., was adopted. Thereby colourless silky 
needles of ethyl hematommate were obtained melting at 112-13°. The yield 
was poor being 0-1 g. from 0-5 g. of atranorin. It could, however, be 
obtained in satisfactory yield from ethyl orsellinate by the modified 
Gattermann reaction using anhydrous aluminium chloride. 
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To a solution of ethyl orsellinate in dry ether (100 c.c.) contained in a 
three-necked flask, fitted with a mercury seal and mechanical stirrer and 
cooled in a hath of freezing mixture, zinc cyanide (6-0 g.) was added followed 
by a solution of anhydrous aluminium chloride (3-4 g.) in 50 c.c. of dry ether. 
Dry hydrogen chloride was then passed through the cooled mixture with 
continuous stirring. Zinc cyanide gradually disappeared, the solution turned 
brown and a pasty mass separated. The flask was stoppered air-tight, sealed 
and left in the ice-chest overnight. The ether layer was then decanted off 
and the solid washed with more of the dry solvent. It was subsequently 
dissolved in 50 c.c. of water and heated on a water-bath for half an hour in 
a fume chamber. After cooling, the product was filtered at the pump. It 
was then dissolved in a slight excess of rectified spirit, boiled with animal 
charcoal and quickly filtered while hot. The filtrate was concentrated by 
distilling off the alcohol and the solid allowed to crystallise slowly. The 
crystals were filtered at the pump and the mother liquor pressed out. By 
this method a fairly pure sample of ethyl hematommate was obtained in the 
form of long needles. This was then recrystallised from hot alcohol when 
avery pure sample melting at 113-14° alone or mixed with a specimen 
obtained from atranorin was obtained. The yield was 3-2 g. (80%). (Found: 
C, 59-3; H, 5-3; C,,Hi, O; requires C, 58-9; H, 5-4%.) 

Evaporation of the ethereal filtrate and washings from the aldimine 
hydrochloride gave some unchanged ethyl orsellinate melting at 132° (1-0 g.). 
Condensation of Ethyl Hamatommate with Diethyl Malonate— 

Ethyl-5-hydroxy-7-methyl-coumarin-3 : 8-dicarboxylate——To a mixture of 
a dry sample of ethyl hematommate (0-5 g.) and diethyl malonate (0-6 g.) 
which was cooled in a bath of freezing mixture, piperidine (4 drops) was 
added. It was allowed to stand at the laboratory temperafure overnight 
and then treated with dilute hydrochloric acid when a pale yellow solid was 
obtained which crystallised from alcohol in colourless short fibrous needles 
melting at 141-2° (yield 0-4g.). (Found: C, 59-8; H, 5-2; OEt, 26-7; 
C,.HisQ7 requires C, 60-0; H, 5-0; OEt, 28-1%.) The substance was 
soluble in ether and acetone and insoluble in chloroform and benzene. It 
did not give any colour with alcoholic ferric chloride and dissolved in 
sodium hydroxide yielding a deep yellow solution without fluorescence— 
characteristic property of 5-hydroxy-coumarins. It dissolved in concentrated 
sulphuric acid yielding a red solution without any blue fluorescence and it 
was insoluble in sodium bicarbonate solution. 

5-Hydroxy-7-methyl-coumarin-8-carboxylic acid.—A solution of the above 
ester (0-3 g.) in 5% potash (5 c.c.) was kept overnight at the room tempe- 
rature. The clear brown solution was acidified with dilute hydrochloric acid 
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and the precipitated solid was filtered, washed and dissolved in aqueous 
sodium bicarbonate. The resulting solution was filtered and the filtrate 
acidified with dilute hydrochloric acid when a pale yellow solid separated 
out. It crystallised in tiny yellow prismatic needles (yield 0-2g.) from 
aqueous alcohol and melted at 270-71° with decomposition. (Found: 
C, 57-8; H, 4-2; C,,H,O,, $H,O requires C, 57-6; H, 3-9%.) 

This gave all the reactions of the previous ester and did not give a colour 
with alcoholic ferric chloride. 


5-Hydroxy-7-methyl-coumarin.—The above acid (0-2g.) was heated 
with quinoline (2-3 c.c.) and copper bronze (0-1 g.) for } hour at 150-60° 
in an oil-bath. Care was taken not to allow the temperature of the bath to 
exceed 160°. The solution was then dissolved in an excess of ether and filter- 
ed to remove the copper bronze. The ether was then distilled over, the residue 
mixed with an excess of dilute hydrochloric acid and repeatedly extracted 
with ether. The ether extract was then washed with dilute sodium bicarbo- 
nate solution to free it from acid and then evaporated. The resulting 
brown product was washed with a little benzene to remove resinous matter 
and then crystallised from alcohol. 5-Hydroxy-7-methyl-coumarin was thus 
obtained as pale yellow needles melting at 215—16° (decomp.). The yield was 
0:05 g. (Found: C, 64-7; H, 4-9; loss on-drying at 120°, 4-93; C,,H,Os, 
4H,O requires C, 64-9; H, 4-9, and loss on drying 4-9%.) 


5-Hydroxy-7-methyl-coumarin was obtained in a slightly better yield 
and more readily by condensing ethyl hematommate with diethyl malonate 
employing cold concentrated sulphuric acid as the condensing agent. 


Ethyl hematommate (0-2 g.) was mixed with malonic ester (0-5 g.), 
cooled in a bath of freezing mixture, concentrated sulphuric acid (2 c.c.) 
added and the mixture kept overnight at room temperature. It was then 
poured into ice water (50 c.c.) when a yellow solid melting at about 175° 
was obtained. On crystallisation from alcohol the melting point was raised 
to about 201°. Further crystallisation from acetone yielded the pure sub- 
stance melting with decomposition at 215-16° (yield 50 mg.). The mixed 
melting point with the 5-hydroxy-7-methyl-coumarin obtained above was not 
depressed. The two samples gave identical reactions. 


Ethyl Orsellinate from Lecanoric Acid—Lecanoric acid could be 
obtained in an yield of 3-3% from Permelia abessinica. It is also found in 
Roccella montagnei but the yield in this case is neither good nor consistent. 
Ethyl orsellinate was prepared from the acid by the method of Schunck,!2 
the yield being 6-2 g. from 10g. of lecanoric acid. It was condensed with 
ethyl acetoacetate under various conditions using concentrated sulphuric 
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acid as the condensing agent. The reaction was carried out in the cold 
and at 90° and in a separate experiment anhydrous aluminium chloride was 
employed in nitrobenzene medium. The products that were obtained are 
described below. 

(a) Ethyl-5-hydroxy-4: 7-dimethyl-coumarin-6-carboxylate.—To a mixture 
of ethyl orsellinate (0-5 g.) and ethyl acetoacetate (2 c.c.) cooled in a bath of 
freezing mixture, concentrated sulphuric acid (lc.c.) was added and the 
mixture kept overnight at the laboratory temperature. The product was 
poured over crushed ice when a colourless solid separated out. It was filter- 
ed and crystallised from alcohol and thus was obtained as colourless needles 
melting at 179-80° (yield 0-4g.). The substance was sparingly soluble in 
cold alcohol. It dissoived in dilute sodium hydroxide solution with yellow 
colour and did not exhibit any fluorescence with concentrated sulphuric 
acid. It gave a violet red colour with alcoholic ferric chloride solution. 
(Found: C, 64-5; H, 5-6; OEt, 16-4; C,,H,,O; requires C, 64-1; H, 5-3; 
OEt, 17-2%.) 


The above ester was obtained in a lesser yield from ethyl orsellinate and 
ethyl acetoacetate using anhydrous aluminium chloride as a condensing agent 
in nitrobenzene solution. Anhydrous ethyl orsellinate (0-5 g.) and ethyl 
acetoacetate (0-5 g.) were dissolved in hot dry nitrobenzene (1-5 c.c.), 
a solution of anhydrous aluminium chloride (2 g.) in hot nitrobenzene 
(3 c.c.) added and the mixture heated at i20-30° for about an hour. The 
evolution of hydrogen chloride at the end of this period was negligible. 
The product was then cooled in ice and 4 N hydrochloric acid (2 c.c.) added, 
and the nitrobenzene distilled in steam. The residuai brown mass crystal- 
lised from rectified spirit in colourless needles melting at 179-80° (yield, 
0-2¢.). The mixed melting point with a sample of ethyl-5-hydroxy-4: 7- 
dimethyl-coumarin described above was not depressed. 


5-Hydroxy-4: 7-dimethyl-coumarin-6-carboxylic acid—The above ester 
(0-3 g.) was dissolved in 10% aqueous potash (5 c.c.) and set aside for 32 
hours. At the end of this period the solution was neutralised with cold 
dilute hydrochloric acid and the resulting product filtered. It was crystal- 
lised from hot rectified spirit when pale-brown needles melting at 247° with 
a decomposition were obtained in an yield of 0-25 g. (Found: C, 61-4; H, 
4-5; CyH iO; requires C, 61-6; H, 4-3%.) The substance gave a violet 
colour with aicoholic ferric chloride solution. It was soluble in dilute alkali 
and concentrated sulphuric acid with an yellow colour. 


5-Hydroxy-4: 7-dimethyl-coumarin—The above acid was dissolved in 
quinoline (2 c.c.) and heated with copper bronze (0-1 g.) for about an hour 
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at 170° in an oil-bath. The product was dissolved in an excess of ether 
and rapidly filtered. Ether was then removed and the residue treated with 
dilute hydrochloric acid. The insoluble portion was filtered, washed free 
from acid and crystallised from rectified spirit. It was obtained in the 
form of colourless needles melting at 258°. The product was soluble in 
alcohol and acetone. It gave with alkali a deep yellow colour without any 
fluorescence. It did not give any colour with alcoholic ferric chloride solu- 
tion. The mixed melting point with a sample of 5-hydroxy-4: 7-dimethyl- 
coumarin obtained from orcinol and acetoacetic ester (Dey*) was not 
depressed. (Found: C, 69-2; H, 5-5; C,;H19O, requires C, 69-5; H, 5-3%.) 


The above condensation was carried out with the modification that the 
temperature of 90-95° was employed and the condensation completed in 
about an hour. When the mixture was treated with ice-water a product 
melting at about 235° was obtained. It was washed with sodium bicarbon- 
ate solution and the insoluble residue crystallised twice from acetone when 
colourless needles melting at 258° were obtained. It was identical with 
5-hydroxy-4: 7-dimethyl-coumarin in all respects (yield 0-35 g.). 


Condensation of Ethyl Orsellinate and Lecanoric Acid with Malic Acid— 

5-hydroxy-7-methyl-coumarin.—To a mixture of ethyl orsellinate (0-5 g.) 
and malic acid (0-75 g.) concentrated sulphuric acid (3 c.c.) was added in the 
cold and heated at 90-95° on a water-bath for half an hour. The solution 
was allowed to cool and poured over crushed ice with stirring. The resulting 
product was filtered and washed. After drying, it was dissolved in ether and 
the ethereal solution was shaken with aqueous sodium bicarbonate. The 
sodium bicarbonate layer was separated from the ether layer and the ether 
evaporated. A yellow product was thus obtained which when crystallised 
from alcohol yielded pale yellow needles melting at 215-16°; the mixed 


melting point with an authentic sample already described showed no 
depression (yield 0-3 g.). 


A mixture of lecanoric acid (0-5 g.), malic acid (1-5 g.) and concentrated 
sulphuric acid (5 c.c.) was heated at 90-95° on a water-bath for about an 
hour. The solution was then cooled and poured over crushed ice. The 
yellow product that separated was filtered, washed and crystallised from 
alcohol. It was finally crystallised from acetone when pale yellow crystalline 
needles melting at 215-16° separated out. It was identical with the 
5-hydroxy-7-methyl-coumarin in every respect (yield 0-4 g.). 


Summary 


The lichen acids, atranorin and lecanoric acid obtained from Parmelia 
abessinica have been made the starting points for the preparation of 
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5-hydroxy-coumarin derivatives. 5-Hydroxy-7-methyl-coumarin has been syn- 
thesised for the first time from ethyl hematommate and has been shown to 
be different from the compound prepared by Pechmann by the action of malic 
The above coumarin can also be readily obtained from 
ethyl orsellinate and lecanoric acid. Some of its derivatives along with those 
of 5-hydroxy-4: 7-dimethyl-coumarin have been obtained and characterised. 
An improved method for the synthesis of ethyl hamatommate is described. 


acid on orcinol. 
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weno 
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STUDIES IN NAPHTHALENE SERIES 


Part V. The Properties of 2-Stearyl-, 2-Palmityl-, and 
2-Lauryl-1-naphthols and Synthesis of 2-Octadecyl-, 2-Hexadecyl,- and 
2-Dodecyl-1-naphthols 


By R. D. DESAI AND W. S. WARAVDEKAR 
(From the Department of Chemistry, St. Xavier’s College, Bombay) 


Received October 4, 1940 


As some interesting properties of 2-acetyl- and 4-acetyl-l-naphthols have 
already been studied by the senior author (R. D. D.)! it was thought interest- 
ing to make a study of such derivatives of a-naphthol, where the acyl group 
consisted of long-chain alkyl groups like stearyl, palmityl and lauryl. Fur- 
ther interest attaches itself to such compounds as the presence of long-chain 
alkyl radicals in organic compounds has been recently exploited for the 
preparation of a number of technically important products. Though the 
investigations on the industrial potentialities of these compounds are not 
yet complete, we have decided to publish these results as very interesting dif- 
ferences in the chemical properties have been revealed by these hydroxy- 
ketones as compared with their lowest analogue. 


2-Stearyl-l-naphthol (I, R= C,,H;;) was readily prepared from stearic 
acid and a-naphthol by the Nencki process? together with some a-naphthyl- 
stearate (II, R= C,,H,;;). This ester was completely transformed into (1) 
by heating with anhydrous aluminium chloride, and no trace of the isomeric 
4-stearyl-l-naphthol (III, R=C,,H;;) was formed. The ketone does not 
react with phenylhydrazine, but gives readily the p-nitro-phenylhydrazone. 
It can be mythylated to 1l-methoxy-2-stearyl-naphthalene by means of 
dimethyl sulphate and potassium carbonate. On Clemmensen Reduction, it 
gave exclusively 2-octadecyl-l-naphthol, whereas 2-acetyl-l-naphthol gave 
considerable quantities of 2-ethyl ac-tetrahydro-l-naphthol together with 
2-ethyl-1-naphthol. 

Bromination under all conditions gave only one mono-bromo derivative 
which was unaffected by boiling alkali. Therefore it must be 4-bromo-2- 
stearyl-1-naphthol. 2-acetyl-l-naphthol, under similar conditions, gave 
mono-, di- and tri-bromoderivatives. Similarly nitration with excess of 
fuming nitric acid gave 4-nitro-2-stearyl-l-naphthol, whereas 2-acetyl-1- 
naphthol under identical conditions gave only 2: 4-dinitro-l-naphthol 
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with the displacement of the acetyl group. Vigorous acetylation according 
to the Kostanecki’s method, gave 2-methyl-3-hexadecyl-1: 4-a-naphtha- 
pyrone (IV) which was readily hydrolysed by dilute alkali to 2-stearyl- 
l-naphthol. This chromone (IV) thus differed from the one prepared 
from 2-acetyl-l-naphthol as it was hydrolysed to 1-hydroxy-2-naphtholic 
acid.*® 


The preparation and properties of 2-palmityl- and 2-lauryl-1-naphthols 
are similar to those of 2-stearyl-l-naphthol, and as they are fully described 
in the experimental portion, no further comment is necessary. 
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Experimental 


2-Stearyl-\-naphthol.—An intimate mixture of a-naphthol (16 g.),, stearic 
acid (32 g.) and powdered zinc chloride (20 g.) was heated in an oil-bath 
at 180° for three and half hours. The warm reaction mixture was poured 
into water acidulated with hydrochloric acid, the solid filtered off and washed 
thoroughly with water. Having removed most of the unreacted a-naphthol 
by extraction with boiling water, the residue was treated with 5 per cent. 
sodium bicarbonate solution to remove the stearic acid. The product was 
finally dissolved in alcohol when most of it dissolved leaving some residue. 
The alcoholic solution, on cooling deposited 2-stearyl-l-naphthol as white, 
small needles, m.p. 81-82 (depressed to 60-61° by a-naphthol). Its alcoholic 
solution gave green coloration with ferric chloride. It was insoluble in dilute 
sodium hydroxide solution, (but was) soluble in most of the organic solvents. 
(Yield = 55 per cent.) 


(Found: C, 82-1; H, 10-3. C.gH4.O, requires C, 81-9; H, 10-2 per 
cent.) 
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The alcohol-insoluble portion crystallised from benzene in needles, m.p. 
125°. It was insoluble in sodium hyrdoxide solution and its alcoholic solu- 
tion did not give any coloration with ferric chloride. It was identified as 
a-naphthylstearate, as it was hydrolysed. by alkali to stearic acid and 
a-naphthol. (Yield = 20 per cent.) 

(Found: C, 81-8; H, 10-5. C,gH4.O, requires C, 81-9; H, 10-2 per 
cent.) 


Fries transformation of a-naphthyl stearate to 2-stearyl-\-naphthol.— 
An intimate mixture of the ester (2 g.) and anhydrous aluminium chloride 
(5 g.) was slowly heated in an oil-bath at 140° for three hours. The solid 
obtained by decomposing the cold mixture with dilute, ice-cold hydro- 
chloric acid crystallised from alcohol in needles m.p. 81-82°, and was 


identified as 2-stearyi-l-naphthol. (Yield = 70 per cent.) 


The p-nitrophenylhydrazone was prepared by heating the solution of 
the ketone (0-5 g.) and 4-nitrophenylhydrazine (0-5 g.) in alcohol (20 c.c.) 
under reflux for six hours. The red liquid, on concentration, gave the 
hydrazone in small reddish flakes, m.p. 89-90° (depressed to 66-68° by the 
original ketone). 


(Found: N, 7-6. C,,H,4,O,Ns, requires N, 7-7 per cent.) 


1-Methoxy-2-stearyl-naphthalene.—A mixture of 2-stearyl-1-naphthol (1g.), 
anhydrous potassium carbonate (2 g.), dimethyl sulphate (3 c.c.) and dry 
acetone (20 c.c.) was refluxed on water-bath for 6 hours. The filtered solu- 
tion, after the removal of acetone, gave a solid which crystallised from 
alcohol in white, lustrous, flat needies, m.p. 42-43°. 


(Found: C, 82-0; H, 10-5. C.,H,,O2 requires C, 82-1; H, 10-4 per cent.) 


4-Bromo-2-stearyl-\-naphthol—Bromine (0-2 c.c.) dissolved in glacial 
acetic acid (10 c.c.) was gradually added to the solution of 2-stearyl-1- 
naphthol (1-6 g.) in glacial acetic acid (25 c.c.). After 24 hours, the con- 
tents of the flask were added to much water, when a solid was slowly preci- 
pitated. It crystallised from alcohol in white, shining needles, m.p. 84-85° 
(depressed to 67-68° by the original ketone). 


(Found: Br, 16-1; C,,H,,0, Br requires Br, 16-3 per cent.) 
The bromo derivative was unaltered by boiling with 10 per cent. caustic 


soda solution for three hours. It could not be further brominated to 
dibromo- or tribromo-derivatives. 


4-Nitro-2-stearyl-1-naphthol.—A solution of fuming nitric acid (d. = 1-5. 
4 c.c.) diluted with glacial acetic acid (20 c.c.) was gradually added with 
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constant shaking to the solution of the ketone (1 g.) in glacial acetic acid 
(25 c.c.). The yellowish-white substance which separated out on adding 
the mixture to much water after 24 hours crystallised from hexane in pale- 
yellow needles, m.p. 71-72° (depressed to 53-54° by the original ketone). 


(Found: N, 3-0. C.gH.,O, N requires N, 3-1 per cent.) 


The nitro-derivative was soluble in the usual organic solvents, and was 
unaffected by boiling with alkali solution. It could not be further nitrated. 


Clemmensen reduction of 2-stearyl-\-naphthol and preparation of 2-Octa- 
decyl-\-naphthol.—Dilute hydrochloric acid (1: 1) (50 c.c.) was added to a 
mixture containing amalgamated zinc (8 g.) and the ketone (2 g.) dissolved 
in alcohol (20 c.c.), and the contents refluxed on sand-bath for 8 hours. After 
diluting the cold mixture with water, the oily precipitate was extracted with 
ether, and the phenolic products removed with alkali solution, which on 
acidification gave 2-octadecyl-\-naphthol which was extracted with ether from 
the aqueous solution. It crystallised from hexane in small, brownish flakes, 
m.p. 119-20°, was soluble in the usual organic solvents, and its alcoholic 
solution did not give any coloration with ferric chloride. 

(Found: C, 84-6; H, 11-2. C,gH,,O requires C, 84-4; H, 11-1 per 
cent.) 


Kostanecki reaction with 2-stearyl-\-naphthol and formation cf 2-methyl- 
3-hexadecyl-1 : 4-a-naphthapyrone IV.—A mixture of the ketone (2 g.), an- 
hydrous sodium acetate (2 g.) and acetic anhydride (15 c.c.) was heated at 
175-80° in an oil-bath for 16 hours. A white, amorphous substance sepa- 
rated out slowly on adding the contents of the flask to water. It crystallised 
from hexane in white, lustrous, small needles, m.p. 73-74° (depressed to 59-60° 
by the original ketone), was insoluble in dilute alkali solution, but dissolved 
in concentrated sulphuric acid giving a pale-yellow colour. The chromone 
was very soluble in the usual organic solvents. (Yield= 70 per cent.) 


(Found: C, 82-7; H, 9-5. CgoH.20, requires C, 82-9; H, 9-7 per cent.) 


Hydrolysis of the chromone to 2-stearyl-\-naphthol.—The above pyrone 
(0-5 g.) was boiled with 5 per cent. sodium hydroxide solution (10 c.c.) on 
a sand-bath under reflux for three hours. The cooled solution gave, on 
acidification with concentrated hydrochloric acid, a solid which after crystal- 
lisation melted at 81-82°, and was identified as 2-stearyl-l-naphthol by a 
mixed m.p. 


N.B.—For the preparation of 2-palmityl- and 2-iauryl-1-naphthols, and 
their various derivatives we have adhered to the details followed in the case 
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of 2-stearyl analogues. Therefore, only the necessary information regarding 
their properties have been given, omitting all the preparative details. 


2-Palmityl-\-naphthol was prepared as usual from a-naphthol (16 g.), 
palmatic acid (32 g.) and anhydrous zinc chloride (20 g.), and crystallised 
from alcohol in white, shining flakes m.p. 83-84° (depressed to 65-66° by 
a-naphthol). Its alcoholic solution gave green coloration with ferric chlo- 
ride. (Yield = 70 per cent.) 

(Found: C, 81-4; H, 10-1. C,g,H3,O, requires C, 81-7; H, 9-9 per 
cent.) 


The p-nitrophenylhydrazone of this ketone crystallised from alcohol in 
reddish-brown needles, m.p. 94-95°. 


(Found: N, 8-2. Cs.H4303N; requires N, 8-1 per cent.) 

1-Methoxy-2-palmityl-naphthalene prepared like the stearyl analogue 
crystallised from alcohol in white, shining needles, m.p. 41-42°. 

(Found: C, 81-7; H, 10-0. C,H 0. requires C, 81-8; H, 10-1 per 
cent.) 


4-Bromo-2-palmityl-\-naphthol crystallised from hexane in small, white 
lustrous needles, m.p. 86-87° (depressed to 69-70° by the original ketone). 
This bromo-derivative was unaltered by boiling with dilute alkali solution 
and could not be further brominated. 


(Found: Br, 17-1. C.gH;,0, Br requires Br, 17-3 per cent.) 


4-Nitro-2-palmityl-\-naphthol crystallised from hexane in fine, yellowish 
flakes, m.p. 76-77° (depressed to 61-62° by the original ketone). This nitro- 
derivative was unaffected by heating with alkali solution, and could not be 
further nitrated. 


(Found: N, 3-1. C.s,H3,0,N requires N, 3-3 per cent.) 

2-Hexadecyl-\-naphthol crystallised from hexane in white, shining short 
needles, m.p. 124-25°. Its alcoholic solution did not give any coloration with 
ferric chloride. 


(Found: C, 84-6; H, 11-0. C.gH4.O requires C, 84-4; H, 10-9 per 
cent.) 


2-Methyl-3-tetradecyl-\ : 4-a-naphthapyrone crystallised from hexane in 
white, lustrous needles, m.p. 89°, and was soluble in the usual organic 
solvents (yield= 75 per cent.). Its solution in concentrated sulphuric 
acid was brownish-yellow. 


(Found: C, 82-6; H, 9-6. C,,H;,0, requires C, 82-8; H, 9-4 per 
cent.) i 
A2 F 
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The chromone was hydrolysed by dilute alkali solution to 2-palmityl-I- 
naphthol. 

2-Laury-l-naphthol prepared by using a-naphthol (14 g.), lauric acid (20 g.) 
and anhydrous zinc chloride (14 g.) crystallised from hexane in needles, 
m.p. 74-75°. Soluble in the usual organic solvents, its alcoholic solution 
gave green coloration with ferric chloride. (Yield = 65 per cent.) 

(Found: C, 80-8; H, 9-1. C.3H,,0. requires C, 81-0; H, 9-2 per 

cent.) 


The p-nitro-phenylhydrazone crystallised from alcohol in deep-red, shining 
needles, m.p. 135-36°. 


(Found: N, 9-2. C..H;,0;N, requires N, 9-1 per cent.) 


1-Methoxy-2-lauryl-naphthalene crystallised from alcohol in small, white 
flakes, m.p. 37-38°. 


(Found: C, 80-9; H, 9-5. C.3H3,0. requires C, 81-2; H, 9:4 per 
cent.) 

4-Bromo-2-lauryl-\-naphthol crystallised from hexane in_ yellowish, 
lustrous needles, m.p. 65-66° (depressed to 51—52° by the original ketone). 
The bromo-derivative was not affected by hot alkali solution and could not 
be further brominated. 


(Found: Br, 19-6. C,,H.,O. Br requires Br, 19-7 per cent.) 


2-Dodecyl-\-naphthol crystallised from hexane in white, lustrous, flat 
needles, m.p. 150—-51°. It was soluble in the usual organic solvents, and its 
alcoholic solution did not give any coloration with ferric chloride. 


We are thankful to Prof. R. N. Bhagwat, M.A., B.sc., and the Rev. Father 
G. Palacios, s.J., Ph.p., D.D., for their kind interest and provision of the 
facilities for work. 
Summary 


By the Nencki process, 2-stearyl-, 2-palmityl-, and 2-lauryl-1-naphthols 
have been prepared. These hydroxy ketones have been brominated, nitrat- 
ed, reduced by the Clemmensen’s method, and subjected to the Kostanecki 
Reaction, with a view to instituting a comparison with 2-acetyl-1-naphthol, 
the properties of which have been already studied and described. 
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ON THE CONTINUOUS EMISSION SPECTRA 
ASSOCIATED WITH ELECTRIC DISCHARGES 
THROUGH FLOWING VAPOURS OF SnCl., SnCl, 
AND SiCl, 
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By R. K. AsunbI, S. MUJTABA KARIM AND R. SAMUEL 


(From the Department of Physics, Benares Hindu University, Benarcs) 


DuRING the course of an investigation on the emission bands of SiCl, and 
SnCl,, a number of continuous emission bands have been recorded; the 
experimental procedure and conditions under which the spectra were 


obtained are described already in detail. 


These are not repeated here but 


for ready reference. the requisite data concerning the long-wave limits, 
maxima, etc., are reproduced in Tables I, II and III. 


TABLE I. 
(Vapour pressure less than 1 mm. of Hg. Uncondensed discharge) 


SnCl, 
































: Short- 
Long-wave-length limit Maxima wave-length 
limit 
i Electron- | Electron- 
A Kceal. /mol. pore A Keal./mol. | ain A 
5200 55:+2 2°4 4500 62°5 | 2:7 4000 
3400 82-8 3-6 3100 92-0 | 4:0 3000 
TABLE II. SnCl, 


(Vapour pressure less than 1 mm. of Hg. Uncondensed discharge) 











Short- 
Long-wave-lengih limit Maxima wave-length 
limit 
Elctron- Electron- 

A K. cal./mol. volts A K. cal./mol. pat A 
5100 5555 2°5 4525 62°5 2°7 3910 
3470 82-0 3*5 3260 87-0 3-6 3210 
2620 108-0 4:7 2580 110-0 4:8 2520 
2520 112-5 4:9 2365? 120-0 551 2400 
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TABLE III. 
(Vapour pressure about 0-5 mm. of Hg. Uncondensed discharge) 


SiCl, 





Long-wave-length limit | 


Maxima 


Short- 
wave-length 
limit 





A 


K. cal./mol. 


Electron- 
volts 


A 


| K, cal./mol. 


Flectron- 
volts 


A 











44:0 
80-0 
108-0 
td 7 


1-9 
3-5 
4-7 
4:9 








4022 
3260 
2570 
2450 


70:5 
86-7 
110-5 
116:0 





3-0 
38 
4-8 
5-0 








3160 
2535 
2400 





It is only recently that attention is being drawn to the continuous emis- 
sion spectra observed in the discharge through gases and it appears that 
such spectra are generally due to electron radiation.?, We cannot say whether 
the spectra observed by us are due to the same reason, but since the density 
of current and particularly the vapour pressure are much lower than in the 
above experiments, it is not unlikely that the continuous spectra observed 
by us are really emitted by the excited molecules of the vapour, i.e., are due 
to some or other chloride of Si or Sn. This is even more probable, since 
the discrete bands observed,* as far as the experimental conditions are con- 
cerned, clearly appear to be connected with the continuous background in 
which they appear. We wish, therefore, to draw attention to a simple 
relation between the continuous spectra and the electron terms of the mole- 
cules in question, which possibly is the explanation of the existence of the 
continua. . 


At present, however, our knowledge of such spectra is very limited. 
In the case of continuous absorption spectrum we know at least that the 
initial state of the absorption process must be the ground level of the 
molecule, and thermochemical data are qualified to correlate the various 
regions of selective absorption with particular processes of photodissociation. 
In the case of a continuous emission spectrum we know nothing, a priori, 
but that the final level of the corresponding transitions must be a repulsive 
one and therefore cannot be the ground level of the molecule. Furthermore, 
the experimental determination of such spectra at present is even more 
difficult than that of absorption spectra and particularly the long-wave limit 
of such a spectrum cannot be ascertained with accuracy inside rather wide 
limits. For these reasons, it is obvious that we offer the following explana- 
tion only as a first and tentative discussion. 
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We consider at first, the spectrum (Sn-+- 4 Cl) since the heats of forma- 
tion of SnCl, as well as of SnCl, are directly known. Parti and Samuel 
have recently investigated* the various processes of photodissociation of mole- 
cules of this type and have given a term scheme including stable as well as 
repulsive terms. The simplified Franck-Condon diagram of Fig. 1 is con- 
structed according to the thermochemical figures calculated by them. 
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The combination of Sn and one Cl atom gives rise to the stable ground state 
of the molecule SnCl. The atomic heat of formation of SnCl, being 
D (SnCl,)= 180-9 K. cal./mol., this ground state lies 90-5 K. cal./mol. or 
about 3-9 e.v. below the level of dissociated atoms. The ground level of 
SnCl, obtains by the combination of the same SnCl molecule with a further 
Clatom. That of SnCl,, however, does not belong to this series but involves 
an excited SnCl, molecule (or an excited Sn atom) in which the repulsive 
s? group is already fissured. It lies lower than that of SnCl, by the dif- 
ference D (SnCl,) —D(SnCl,) = 300-5 —180-9 = 119-6 K. cal./mol. = 5-2 e.v. 
The ground level of SnCl, lies somewhere in between. Its exact position is 
not known for want of data on the °S term of Sn. According to the estimate? 








516 R. K. Asundi and others 





of 2-4 e.v. for this term of Sn, the ground level of SnCl, is assumed to lie 
3-9 e.v. above the ground level of SnCl,. 


From the absorption spectra of molecules of this type and their cor- 
relation to photodissociation process it is already known that these stable 
electronic levels are associated at the same time with repulsive potential 
curves. For instance, the approach of one or two Cl atoms towards the 
unexcited molecule SnCl, does not produce chemical combination (again on 
account of s? group) but an elastic collision only occurs. The corresponding 
potential curve has been found to be comparatively flat.* But also where 
chemical union becomes possible, e.g., at the approach of Cl towards SnCl 
or SnCl, it is highly probable for thermochemical reasons, that at least one 
repulsive curve is produced along with the attractive one. These repulsive 
curves are represented in the diagram by dotted lines. Finally, the excited 
term! of SnCl, at 22237 cm.-! or 2-8 e.v. is added. 


The energy difference between the upper repulsive curve (SnCl,+ 2 Cl) 
and the excited level of SnCl, is 2-8 e.v. at its lowest point and the difference 
of the same curve and the ground level of SnCl is roughly one e.v. larger, 
i.e., 3-9 ev. The energy difference between the lower repulsive curve 
(SnCl, + Cl) and the ground level of SnCl is about 5-2 e.v. As can be seen 
from Tables I and II, these are just the values needed for the interpretation 
of the continuous spectra. Not only do they agree quite well with the long- 
wave limits but what is more important, considering the unreliability of these 
determinations, these term differences are just slightly larger than the 
maxima of continuous emission, as should be expected for a transition to 
a repulsive potential curve (see inclined arrows in Fig. 1). 


This suggested interpretation of these spectra, assuming they are due 
to the vapour molecules, appears plausible for the following. reasons: 


(1) It explains why the A bands! of SnCl, appear under the same 
experimental conditions as the continuous background, a(SnCl,) being the 
common initial level of both emissions. 


(2) The extreme short wave maximum is double, viz., 4-8 and 5-1 e.v., 
with a separation of 0-3 e.v. between the two components. This is almost 
. exactly the value of the electronic separation of the ground level of SnCl. 


(3) This maximum is either absent or considerably weakened in the 
discharge through the vapour of SnCl,, where the number of SnCl, mole- 
cules are naturally decreased. 


A similar interpretation holds good for SiCl,, but here the thermo- 
chemical data are not quite accurate, Utilizing the values already deduced,! 
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Fig. 2 is drawn in the same manner as Fig. 1, exactly similar remarks 
‘obtaining in this case also. The energy differences of 3-5, 3-7 and’ 
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FIG. 2. 


about 5-3 e.v., agree quite well with the values of the maxima recorded in 
Table III. The difference of 0-2 e.v., of the two last maxima is of course 
larger than the much smaller electronic separation of *J7 (SiCl), but the same 
accuracy cannot be expected in such continuous spectra as in discrete band 
spectra. It is significant, however, that this value is smaller for SiCl, than 
for SnCl,. 


Summary 


From the experimental conditions under which the spectra are obtained 
it is assumed that they are due to molecular radiation. Thermochemical 
and spectrascopic data enable one to illustrate the relation among the energy 
levels of the various systems in the formation of the multi-atomic molecules 
from their constituent atoms. Such simplified Franck-Condon diagrams are 
constructed for SnCl, (which includes SnCl,) and SiCl,. An interpretation, 
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uniform in all cases, of the observed continuous bands in terms of the transi- 
tions among the energy levels, transitions, which of course involve a 


repulsive state for their final level, is suggested. 
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IN the history of the development of the paper industry, the question of 
suitable raw materials has always occupied an important place. Straws and 
grasses were the primary materials for the manufacture of paper pulp till 
the middle of the last century when wood came into prominence as an 
excellent source of cellulose to meet the large demand for high grade paper 
pulp. But in recent years the phenomenal increase in paper consumption, 
the diversion of the major part of wood pulp for the manufacture of rayon 
and synthetic plastics and the high costs involved in re-afforestation have not 
only made wood pulp dear but also far less available for the production of 
paper. The recent trend in paper manufacture has therefore been towards 
the utilisation of the more easily grown annual crops or by-products of agri- 
culture. Of these straws and bagasse are available cheap in large quantities 
in certain parts of the country. The following table relating to the area under 
various annual crops in millions of acres gives an idea of the large resources 
of India in this connection. In regard to rice straw the average yield per 
acre can be taken as 1-5 to 2 tons. The manufacture of paper pulp from - 
these sources is of special importance to India since it produces no wood 
pulp for the manufacture of cheap newsprint. 


























{ 


| Rice | Wheat |Cholam} Barley | Ragi Sugarcane 
Area in millions acres 
India 81 25 | 23 | 7 4 | 3 











The cost of collection and the low yields of pulp seem to have been 
the greatest drawbacks of rice straw as a raw material for paper manufacture. 
The chlorination process! which has attracted a good deal of attention in 
recent years for successfully dealing with the straws is suited to only a few 
favoured localities where electric power is available very cheap besides an 
abundant supply of raw material. It cannot therefore be adopted in India 
where cost of transportation is particularly very high. Several modifications 
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of the soda process to suit the treatment of annual crops have been evolved 
and patented during the past few years, but data in regard to rice straw seem 
to be very meagre and to some extent contradictory. The following is a 
summary of relevant literature available on this subject. 


In connection with paper making tests on plant materials available in 
Indo-China Vidal and Aribert? claim to have obtained 30% of pulp from 
rice straw by first steaming it at 1-2 atmospheres pressure for one hour, 
subsequently digesting it with sodium hydroxide (13% on the weight of 
straw) for 5 hours at a pressure of 3 kg. per sq. cm. and finally bleaching 
it with 16% of bleaching powder. The pulp was considered to be suitable 
as filler like that obtained from esparto. Kumagawa and Shimomura® 
have recorded the yields and quality of paper pulp obtained from rice 
straw of Formosa as follows: sulphite method 40-45%, sulphate method 
35-40%, and soda and chlorine process 35-40%. The pulps are said to 
bleach easily and give excellent fibres and the high silica content acts as a 
filler and binder. Reyes and Cruz‘ working in the Philippines have compared 
cogan and rice straw and are of opinion that the rice straw has an advantage 
as a raw material since it is a waste product and requires less alkali to yield 
a more easily bleachable stuff. The yield of pulp is recorded as 40% and 
the strength of the paper made from rice straw is estimated to be lower 
than that of cogan. The chlorination process according to Komatsu and 
Yamana' yields 30% of crude cellulose from rice straw. Multi-stage digestion 
processes have been examined recently on several straws. According to the 
findings of Akagi® rice straw when treated in two stages yields only 23% 
pulp and is valueless as a fibrous raw material. 


At the outset it was felt that sufficient information is not available 
regarding the optimum conditions of treatment such as the most suitable 
concentration of alkali and the temperature of cooking. It looked as if 
the previous workers used either too much or too little of chemicals and 
employed too high temperatures to obtain satisfactory yields of pulp of 
good strength. Further they have not paid sufficient attention in regard 
to the economy of the alkali. 


Experiments were therefore conducted using various quantities of caustic 
soda made into solutions of different concentrations and further employing 
different temperatures for cooking the pulp. As a result, it has been found 
that for producing pulp of good quality at one cooking the most satis- 
factory conditions are (1) quantity of alkali: 22% on the weight of straw; 
(2) concentration of the alkali solution: 39%; (3) temperature of cooking: 
100-05° C. and (4) duration of cooking: 3 hours. Typical data are presented 
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in the form of tables in the experimental part relating to the use of 15%, 
22% and 30% of alkali and 85°C., 100°C. and 130°C. as the cooking 
temperatures. When 15% of alkali on the weight of the straw is used the 
resulting pulp though obtained in high yield seems to be hard and coloured 
and consumes a high amount of bleach. The percentage of lignin is also 
very high. This may be due to the fact that the volume of the liquor is not 
sufficient to soak the whole of the material till it undergoes reduction in 
volume during the course of the treatment. It may also be due to the 
insufficiency of the quantity of alkali. Using 30% of alkali on the weight 
of the straw, the yields of pulp are considerably low though it is more easily 
bleached and contains much less of lignin. It has been noted that for the 
treatment using single boiling, concentrations of alkali solutions which are 
lower than 3% are not effective. As regards the comparative merit of dif- 
ferent temperatures it can be easily seen that neither 130°C. nor 85°C. is 
quite satisfactory. In the former case too much alkali is consumed and the 
yield of pulp is low, whereas at the lower temperature though the yield and 
the consumption of alkali are favourable the quality of the pulp is not good 
and it consumes too much of bleach. Cooking at 100-105°C. is found 
to be more satisfactory. It is therefore obvious that the treatment using 
22% alkali and a temperature of 100-105° C. is most suitable not only in 
regard to yields and quality but also in regard to the consumption of alkali. 
Hence in our large-scale experiments we have employed these conditions 
which may be said to be comparatively simple to deal with since pressure 
boiling and the consequent need for special equipment are avoided. Further 
the yield, the quality of the pulp and the bleach requirements are favourable. 


With a view to effect economy in the alkali, utilisation of the alkaline 
mother liquor (A) was next investigated. It still contained about 8% of 
the alkali on the weight-of the straw and it was used in a concentration of 
about 1% solution for the preliminary boil of a fresh batch of straw at 
100-105° C. for 3 to 34 hours. At the end of this treatment, the straw was 
not completely reduced to pulp and looked highly coloured and obviously 
required further treatment. This second mother liquor (B) had a deep 
colour and contained about 1-2% of alkali on the weight of the straw. Since 
it could not be further used it was rejected. The treated straw which 
may be called the first stage pulp was again subjected to treatment with 
10% of alkali on the weight of the straw in 2% concentration, the cooking 
being effected at the above-mentioned temperature and for the same time. 
The resulting double boiled pulp had the advantage over the straight boiled 


pulp of being bleached perfectly white very easily with lesser consumption 
of bleach, 
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The mother liquor (C) obtained from the double boiled pulp contained 
about 6% of alkali on the weight of the straw, was quite clear and had only 
a pale colour. It was therefore made up to 22% on the weight of straw 
by the addition of more alkali and was used as the fresh alkali solution for 
treating fresh straw samples. This completed the cycle of treatment which 
may be represented in brief as below. Data relating to similar experiments 
carried out with the mother liquors obtained from other treatments are also 
presented in the experimental part of this paper. 


PULP FOR BLEACH 
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In connection with the use of the alkali mother liquor (A) obtained from 
the first treatment for producing the first stage pulp it was felt desirable 
to know if the organic matters already in solution would themselves consume 
any of the effective alkali during the course of the subsequent cooking. When 
it was however heated simply by itself for 12 hours no appreciable change 
in the alkali content was noticed thereby indicating that all the remaining 
alkali was fully available for the digestion of the straw. 


For getting the best yields of paper pulp it was found necessary to 
remove all chaff and to keep the cut samples of straw soaked in water for 
6 to 8 hours before they were subjected to alkali treatment. This was found 
to be advantageous since it removed mud, some colouring matter and other 
soluble impurities. Further it facilitated easy penetration of the alkali dur- 
ing subsequent treatment. It is more advantageous to use for this purpose 
the spent alkali mother liquors (waste). Since these solutions are usually 
coloured deep it becomes then necessary subsequently to wash the straw 
freely with water in order to remove as far as possible all coloured liquid. 


The quality of the pulp obtained by the most satisfactory treatment may 
be said to be quite good. The length of the fibres varies between 0-4 mm. 
and 2-5 mm. and the breadth from 4 and 10 and on the whole fibres 
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measuring less than 1 mm. in length are few in number. They are in general 
unbroken though there is a certain amount of parenchyma and epidermal 
cells. These characteristics are clearly exhibited in the photomicrographs 
presented at the end of the paper. The pulp can be used very satisfactorily 
as filler similar to the pulp obtained from esparto. Sheets of paper 
made by hand out of the above pulp produced on a large-scale do not 


develop any colour on storage. They can be easily used as cheap writing 
paper and newsprint. 
Experimental 
Rice straw used in these experiments was obtained from the Agricultural 
Research Station at Samalkota. It was a composite sample obtained from 
the main varieties of paddy crop grown in the East Godavari District. Chaff 
was removed as far as possible and the straw was cut into pieces of 2-3 cm. 
length for use in the following experiments. 


The analysis of the sample: 


Moisture # eee a 
Cross and Bevan Cellulose ~o: aa eoe 
Lignin ‘3 ray .. 24-8% 
Ash 16-8% 


(80% of the ash is insoluble in acid) 
200 g. of the prepared straw were soaked in water in a porcelain trough for 
about 6-8 hours. Subsequently the liquid was decanted and the straw 


was washed three times with fresh quantities of water in order to remove 
dirt and water-soluble impurities. 


Three sets of experiments were conducted employing three different 
quantities of alkali, 30 g. (15%), 44g. (22%) and 60g. (30%) on the 
weight of the straw. Commercial caustic alkali in the form of flakes was 
employed throughout. Three different temperatures at which the experi- 
ments in cooking were conducted were 85° C., 100° C. and 130° C. 


The digestion experiments at the temperature of 130° C. were carried out 
in an oil-jacketed autoclave made of V5 steel. It was provided with a 
stirrer run by an electric motor and was fitted with a thermometer and 
pressure gauge. The outer jacket was heated by a gas burner. The well 
washed straw sample was placed in the autoclave and the correct quantity 
of alkali solution added. The outer cover of the autoclave was placed in 
position with the automatic stirrer arrangement. The outer jacket containing 
castor oil was heated with a gas burner and the temperature of the contents 
raised to 100° C. in the course of half an hour. Then the cover of the auto- 
clave was fixed air-tight and the stirrer started. The time required for the 
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contents to reach the temperature of 130-35° C. was about 1 hour 15 minutes 
and the digestion pressure was about 2 kg. per sq. cm. The time of the 
cook was about 3 hours from the time the contents reached the temperature 
130°C. After the digestion was over, the pressure was slowly released by 
opening the two pin valves in the autoclave and the material was allowed 
to cool down to the room temperature. The cover of the autoclave was 
lifted and the contents were poured on to a bag of muslin cloth and were 
squeezed. The residue was washed repeatedly with fresh quantities of water 
till the wash water was colourless and free of alkali. With a view to estimate 
the actual quantity of alkali that had been consumed and also the amount 
available readily in the mother liquor, the mother liquor and the wash water 
were collected separately, made up to definite volumes and aliquot portions 
titrated against standard acid solution. The washed pulp was dried in air 
and weighed. 


In the case of the other two sets of experiments where the temperatures 
used were 85° C. and 100° C., large pyrex glass flasks were employed. The 
contents were heated to 100° C. by the direct flame in about 30 minutes 
and kept at that temperature for about 3 hours stirring all the while. For 
experiments at 85° C., the glass flasks were heated on water-baths in order 
to have a better control of the temperature. Water condensers were fitted 
to the glass flasks in these experiments to reduce the loss of water by eva- 
poration and the consequent change in the concentration of the alkali. 
After the cooking was over, the contents were pressed in muslin bags as 
described under pressure boiling and the unreacted alkali was estimated. 
The alkali mother liquors obtained from these experiments looked less 
coloured and less turbid when compared with those from pressure boilings. 


The following table embodies data regarding the consumption of alkali 
in the different treatments. A few experiments were conducted using 6 
hours as the duration of cooking with a view to note the effect of time. It 
is clear that higher temperatures, higher concentrations of alkali and longer 
duration of cooking mean higher consumption of alkali. 


Double Boiling —These experiments were conducted at the three tempe- 
ratures mentioned above, the duration of each boiling being about 3 hours. 
The mother liquor obtained from the boilings using alkali equal to 22% 
by weight on the straw were employed. A fresh sample (200 g.) of the 
straw was subjected to a first boiling with the mother liquor which was made 
upto 1500 c.c. with water. After pressing out the spent alkali the first stage 
pulp was again subjected to a second boil using 20 g. of sodium hydroxide 
as a 2% solution. The final pulp was separated and the pressed liquor 
thereby obtained was used to make a solution containing 44 g. -of caustic 
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TABLE I 
Tempera- | Time Alkali | Alkali Alkali 
iure in taken | consumed remaining 
. hours A % % 
130 3 30 10°5 19°5 
” ; 22 10°i 11-9 
” ss 15 9-2 5:8 
100 re 30 9-0 21-0 
” - 22 8-0 14-0 
9 » 15 6:0 9-6 
85 e 30 75 22°5 
99 = 22 7-0 15-9 
: : 15 +5 93 
130 6 22 11-5 10°5 
100 “a 22 10-0 12-0 




















soda in 1500 c.c. of the solution. The following table gives data relating 
to the consumption of alkali in the course of double boiling at different 











temperatures. 
TABLE II . 
Double boilings 
Alkali left Alkali left Alkali lost 
Temperature in the Alkali used up in the in the 
mother liquor final liquor wasnings 
4 
; a3 g. g. g. g. 

1. 130°C. First boiling oe 15-0 13-0 iS 0-5 
Final boiling ne 20-0 9-0 9-0 2:0 
2. 100°C. First boiling = 15-6 12-0 2:0 1-6 
Final boiling EE 20-0 7:0 10-8 2°2 
3. 85°C. First boiling F. 16-8 10-8 3°5 2°5 
Final boiling é 20-0 6-2 11-0 2°8 

















About 650 c.c. of the mother liquor from a typical experiment (22% 
alkali at 100° C.) were heated for 12 hours at 100° C. 25 c.c. of the solution 
were pipetted out at 2 hour intervals and titrated against standard acid. 
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-In the boilings every precaution was taken to avoid the absorption of carbon 


dioxide. 








TABLE III 
25 c.c. of liquor used for the titration 
Standard 
Time acid 
required 
0 hours 15-2 
2 ” 15-0 
.- -s 14-9 
12 14-9 








From the above table it is clear that once boiled liquor does not lose 
appreciably in effective strength if it was boiled alone (about 0-2 g. is lost 
It could therefore be concluded that 
the organic matter already present in the mother liquor does not consume 
any marked amount of alkali during the subsequent use and the whole of 
the reagent is available for pulping fresh straw. The yields of oven dry un- 
bleached pulp as percentage of oven dry straw obtained by the different 


from 10g. of alkali in 12 hours). 


treatments are presented in Table IV. 








TABLE IV 

: Time of boiling: 3 hours 
Temperature Alkali used % Yield °% 
i Hc 30 41-5 
2 ‘ 22 43°5 
a me 15 46-0 
4 - Double boiling 44-0 
+ ter c. 390 43-0 
6 oa 22 47-0 
x ‘a 15 51-0 
8. as Double boiling 45-0 
9 85°C. 30 44-9 
10. ‘o 22 50-5 
11. a 15 54-0 
'2. Fes Double boiling 43-0 
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Examination of the residues (unbleached pulps). Bleaching —10 g. of 
the unbleached pulp were washed with 1000 c.c. of water and completely 
disintegrated. It was filtered on a Buchner filter and the moist pulp was 
taken in a conical flask of 500 c.c. capacity. 200 c.c. of bleach liquor (lg. 
bleaching powder in 100 c.c. water) were added to the pulp and stirred well. 
The contents were kept at a temperature of 39-40° occasionally stirring 
them. After two hours the pulp was filtered and it was washed free of 
chlorine using starch iodide paper as indicator. The filtrate was made up 
to 2000 c.c. The bleach which was unused was then estimated by titrating 
it with standard sodium arsenite solution. This value when deducted from 
the chlorine content of the original bleach liquor gave the chlorine used 
in bleaching the pulp. 

The above method gives roughly the bleach consumed by the pulps 
processed differently. They were all bleached to standard whiteness by 
this time. Though the double boiled pulps appeared slightly yellowish 
at first, they bleached in lesser time than the straight boiled pulps. Further 
the active chlorine and hence the bleaching powder consumed by these 
pulps within 2 hours was less or nearly equal to that consumed by 


TABLE V 
Consumption of bleach and vields of bleached pulps 








Pulping method Available Cl, Amount of 35° bleach Pulp vield 
no. as given in consumed on 35°% bleach on required on 100g. on 100 g. 
Table IV 100 g. pulp 109 g. pulp air-dry straw straw 

| 
| 4s 13-0 54 38-2 
2 | 4:7 13-4 5°8 41-5 
3 | 5-9 16-8 7:7 44-0 
4 | 3-6 10-7 4-7 42-0 
5 | 5-4 15-4 6-6 39-8 
6 | 6:2 17-7 8-3 44:1 
7 | 67 19-4 8-9 46-1 
8 | 5-2 14-9 6-9 43-5 
9 6:5 18-6 8-1 40-5 
10 6:9 19-7 10°8 47-6 
11 7-6 2-7 11-7 48-4 
12 5:9 16-9 7:1 45-1 
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the pulps boiled with 30% of alkali. Though the pressure boiled pulps 
looked less coloured they would not bleach to standard whiteness particularly 
after storage. The double boiled pulps, however, bleached readily even after 
long storage. Further it was noticed that the double boiled pulps and 
pulps made using 100-105° C. as the cooking temperature bleached white 
much quicker and it is possible to save the bleach liquor in these cases by 
reducing the time. However in Table V_ results obtained by the 
standard method of comparison using the same time interval are presented. 
With the increase in the concentration of bleach liquor the pulps were 
severely attacked. They lost the fibre structure when 4° Be bleach liquor 
was employed. 


a-Cellulose.—10 g. of the pulp were treated with 50 c.c. of 17-8% sodium 
hydroxide solution for 25 minutes at 20°C. The material was filtered and 
washed with a litre of water at 20°C. The residue was finally washed 
with 100 c.c. of 10% acetic acid. Finally the acid was completely removed 
by washing the pulp with a litre of hot water. The a-cellulose thus obtained 
was dried at 100° and weighed. The following table gives the percentage 
of a-cellulose on oven dry basis. 











TABLE VI 
Concentration a-Cellulose a-Cellulose 
Temperature of pulp straw 
alkali 4 % 
% 

t. Sere. a 30 80-0 29-9 
mi pe re 22 i io | 32°5 
a és aa 15 TE 32°8 
4. ra .-| Double boiling 717°6 32:5 
5. 1 C. a 30 81-1 30:8 
6. oe sy 22 78-7 32-6 
7 ma an 15 tn°7 34-3 
aes ..| Double boiling 79-2 32-4 
9. 95° C. es 30 83-9 sat 
10. PP re 22 78-4 32-9 
11. = - 15 79°4 35:3 
12. - : Double boiling 78°5 32-7 














From the above table it is evident that the a-cellulose content of the pulp 
varied very little from one treatment to another. However the pulps 
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processed at higher temperatures and with more of boiling liquor contained 
more of a-cellulose on the weight of the pulps. But when calculated on the 
weight of straw they fall below the percentage of those manufactured at 
lower temperatures and with less of alkali solution. This is obviously due 


to the greater hydrolysing action of the liquor at higher temperatures and 
in larger volumes. 


Lignin.—Lignin was estimated using 72% sulphuric acid. After soaking 
2 g. of the pulp in 15 c.c. of the acid for 16 hours it was diluted with water 
to a 3% solution and then boiled for 3 hours. The contents were filtered 
in a gooch crucible and then weighed. The values are presented in 
Table VII. Since this method is known to give too high results it may be 
stated that the lignin actually present in the pulp may be lower in percentage. 


TABLE VII 
Lignin content of pulp 








Alkali used Lignin Lignin 
Temperature for le on ye on ~ ie 

1. 130°C. a 30 6°5 2°6 

2: a i 22 8-0 3°5 

3. : 15 8-0 3-7 

4. a oe Double boiling 8-1 3-6 

5. 100°C. a 30 6-6 2°8 

” 22 8-3 3-9 

1 ms ‘ 15 8-5 4-3 

Bio ..| Double boiling 8-0 3-6 

¥. 35°C. “ns 390 6:8 3-0 

10. % = 22 7:8 3-9 
11. < ; 15 9-6 5-1 
12. is ; Double boiling 8-8 4-2 














As could be expected more lignin is left behind in the pulp when lower 
temperatures and lesser quantities of caustic soda are employed. There 
does not seem to exist any proportionality between bleach requirements 
and. lignin content. Obviously there are other factors which affect bleach- 
ability. The double boiled pulps are the easiest to bleach though they 
contain more lignin than those obtained using 30% by weight of alkali. 
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Ash content of pulps.—The ashing was done in silica basins which were 
first heated on a bunsen flame and finally at 800° C. in a muffle furnace. The 
bleached pulps were found to contain between 3 and 4% of ash. 


Experiments on a semi-commercial scale.—9 \bs. of rice straw that had 
been cleaned by removing chaff were cut into small pieces of 2’-3” length. 
The material was soaked in water for 6-8 hours to loosen all the dirt and 
mud and to dissolve all easily soluble matter and then washed thoroughly 
with plenty of water. The washed material was then soaked in 6-4 gallons 
of 3% caustic soda solution. This came to 22% of caustic soda on the 
weight of the straw. After allowing the mixture to stand for 2 hours it was 
heated at 100-05°C. for 3 hours by which time the pulp was soft when 
pressed between the fingers. The stuff was drained from the cooked liquor 
_and washed thoroughly with water to remove the last traces of the alkali. 
It was then beaten to disintegrate the mass and loosen the spies and was 
ready for bleaching (Pulp I). 


The mother liquor (A) left from the above boiling was made up to 
6:4 gallons. A fresh batch (9 lbs.) of prepared straw which had been 
already soaked in water was first heated with this liquor at 100—05° C. for 
3 hours. The spent liquor was drained. It was usually discarded since it 
was highly coloured and was very weak as an alkali. However in certain 
cases it was found to be advantageously employed in the place of water for 
preliminary soaking. The first stage pulp was considerably reduced in bulk 
as compared with straw. It was washed with water and boiled again for 
3 hours with 4-8 gallons of caustic alkali having a strength of 2%. This 
came to about 10% of caustic soda on the weight of the straw. The final 
pulp which was quite soft was then separated from the caustic liquor, washed 
thoroughly with water and disintegrated (Pulp II). 


The two pulps were mixed and were treated with 5 gallons of 2% solu- 
tion of bleaching powder at the room temperature for 3 hours. The bleach 
liquor was then drained, the pulp washed with water and in order to remove 
the last traces of chlorine treated with 0-5% solution of sodium thiosulphate. 
The final yield of the bleached pulp was 42°%. It looked quite clean and 
colourless. It was converted into handmade paper using about 3% of rosin 
soap and 8-5% of alum for sizing and 3-5% of China clay for loading it. 
The thin sheets of paper were finally glazed. They looked clean and had 
enough rattle and strength. They were quite even and compared favour- 
ably with paper made from grass or bamboo. 
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Photomicrographs of bleached pulps 
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Summary 


The conditions for the production of paper pulp from rice straw by the 
alkali process have been investigated. About 22% of soda on the weight 
of the straw used in 3% solution, a temperature of 100-05° C. and a cooking 
period of 3 hours have been found to be satisfactory. With a view to effect 
economy in alkali the mother liquor has been used in a subsequent double 
boiling process yielding paper pulp of good quality. In a straw having 
cellulose (Cross and Bevan) 37-5% the yield of paper pulp is about 44%. 
The characteristics of the pulp are described in detail. 
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THE object of this paper is to show how the method of operational calculus 
can be used to obtain the sum of an infinite series involving the product 
of a Bessel function and a generalised Laguerre polynomial. 


In the well-known generating function for L,* (y), the generalised 
Laguerre polynomial, 


f\- 3 ie re-* a, 
(yt) ae (27 yt) = . T(a+ n+ 1) L,, (y) 


l 
ut 1 eee ee ae 
P iy VP 
where p is a symbolic operator given by the relation 
1 a x” 
yy” Tath R(a+1)>0 
We then get 
y\- La y co pe p a 
J _ : _ : X )). 
(7) uf 2 »/%) pl T@+n yt (1) 


Now Humbert* has shown that 
2m—n iia 2m — n 
FH (H-2 af) ae F Inn OR, 
P. 
where the function J,,, » (x) is defined by the relation 


(x/ 3) m+n 


ee . ) _ x), 
Jn, 2 (x)= Tim+ 1) Path oF, (m+ l,n+l, *) 





* P. Humbert: “Les fonctions de Bessel du troisieme ordre,” Atti Pont. Accad. delle Scienze, 
anno 83, Sess. III, del Febbraio 1930, 128-146, and ‘“‘ Nouvelles remarques sur les Fonctions 
de Bessel du troisieme ordre,” ibid., anno 87, Sess. [V del 18. Marzo 1934, 323-331. 
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In this if we set 1 = 0 and n= a and use the known theorem* of opera- 
tional calculus, that if 


¢ (p) =f (x), 
then d (°) = f (sx) = const. = 0 


we have a 
(2) (-2 4/2) = oy CoD) 2) 


which gives the original of the left-hand side of (1). 


Term by term interpretation of the right-hand side of (1), by the help 
of the operational relation 


1 


P Ln me 
yy"? @ =x J,, (2/x), 
gives that the original of the right-hand side is 
- 1 


= 0 T(atn+ 1) x Sn (2 Vx) L,, (y). (3) 


Hence by virtue of (2) and (3), we deduce from (1) the result 


co 


=o TG party * eAVO LY 0) = Coy 8 Joa V9). 


This general result is easily verified by taking y=0. Since 
a _ Fae@t+ns+th 
Ly, OQ) = "ret 1)’ 
we obtaint the known result 


in x 
s x IAvx) _, 


Pee n! 
We now give some special interesting cases of our general formula. 


Case 1.—For a=0, L,,* (y) reduces to ordinary Laguerre polynomial 
L,, (v), hence 
eo 1 rs as 
2 nt? In (2V xX) La (Y) = Jos o (3-Vxv) 


n=0 





* Carson: Electric Circuit Theory and the Operational Calculus, McGraw Hill, New York, 
1926. 


+ B. Van der Pol: ‘‘ On the operational solution of linear differential equation and an 
investigation of the properties of these solutions,” Phil. Mag., 1929, 8. 861-98. 


+ Watson: Besse! Functions, Cambridge University Press, 1922, 141. 





534 R. S. Varma 


Case 2.—Put a= 1. Since 


1 Oe ak. 
L» (y) = (—)* (n+ De V Keone (y/2), 
where k,, (x) denotes Bateman Function, we have 


co (—)\t dn -y/2 -1t : 
Fe x In (QV) Kents (912) = ye” (xy) Soa B99): 


Case 3.—The generalised Laguerre polynomials are connected with 
Weber’s parabolic cylinder functions sof the relations 


= 


opt, ony n! 1 


é * Dil V2y) 
and 
on. SP - 
L., ‘(yy = * 2ntt py | y- Den +1 (V2y)- 


Hence on using the duplication formula 


P(2n) =" F(a) Pint ¥, 
we get for a= — } and a=}, 


2 - -! t 
= o (2 ver b, (2+/x) Dex (/2y) = V1 e , (xy) Jo, -4 (34/xy) 


and 


co 2 = = 
F Geet ie 2V%) Dens 1 (VB) 


= [50 6°" (xy) | Sua BY): 
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